Das [1,2] studied robust second order rotatable designs (RSORD) and constructed second order rotatable designs with correlated errors (SORDWCE) under the auto correlated structure using central composite design. In this paper, a new method of construction of RSORD using balanced incomplete block designs (BIBD) is suggested. In this method the number of design points required is in some cases less than the number required in Das [1,2] method of construction of robust rotatable central composite designs (RRCCD). We may point out here that this RSORD using BIBD has 113 design points for 7-factors where as the corresponding RRCCD obtained by Rajyalakshmi and Victorbabu [3] needs 157 design points. Thus the new method leads to a 7-factor RSORD in less number of design points than the corresponding RRCCD. Here we also obtained the variance of the estimated response for the factors 3 ≤ v ≤ 8.
Introduction
In response surface methodology, rotatability is a natural and highly desirable property. This was introduced and developed by Box and Hunter [4] , assuming the errors to be uncorrelated and homoscedastic. Das and Narasimham [5] , constructed second order rotatable designs (SORD) through balanced incomplete block designs (BIBD). Panda and Das [6] studied first order rotatable designs with correlated errors. Further, Rajyalakshmi and Victorbabu [3] extended the work of Das [1, 2] and constructed RRCCD for 3 ≤ v ≤ 17.
In order to study the nature of robust rotatable designs, rotatability conditions for second order regression designs have been derived, assuming the errors to be correlated. These conditions have been further studied under different variance covariance structures of errors. Here we derive conditions for rotatability for a general correlated errors structure and specialize then to the autocorrelated structure.
In this paper, a new method of construction of RSORD using BIBD is suggested and also obtained the variance of the estimated response for factors 3 ≤v ≤ 8.
Conditions of SORDWCE
Assuming that the response surface is of second order, we adopt the model: 
where Y is the vector of recorded observations on the study variable y, β's are the vector of regression coefficients, e u are random errors with correlated errors.
Conditions of Rotatability
The estimated response at x is given by 
The variance function in (3) will b tion of v v 
Below are given equivalent conditions for rotat in second order regression lated errors mo ) in terms of the e moment matrix:
e Function of SORDWCE
The estimated response at x is given by
The variance function of a SORDWCE is given by
When the erro reduce respectively to the usual second order rotatability iance func-
Conditions for Exact Rotatability
Following (4), necessary and sufficient conditio se it is si
rs are homoscedastic, (5) and (7) conditions, non-singularity condition and var tion.
ns for cond order rotatability under auto-correlated structure, mplifies to
are as in (II)*(iii) and (III)*(i), ularity is given by,
where .
. .
, and
The condition for non-sing 2 0 
As to the even order moments (up to order 4) mere constancy of such moments (of various ty s) suffices to ensure exact rotatability. Specially, we sire to have each of the following terms independent of i and j:
Using the above relations, for the newly nstructed design, we get the following:
Thus, a design satisfying the conditions mentioned above may be successfully uti 
New Method of Construction of RSORD
ts by incorporating (n + 1) central points in the foll wing way.
One central point is placed in between each pair of noncentral design points in the sequence, resulting thereby in (n -1) such central points. The other two central points are placed one at the beginning and one at the end.
If the number of central points of the usual SORD with which we started is greater than (n + 1), the remaining central points are placed in any manner, if the number is le examine the non-singularity for the original design and the newly constructed design.
Let N be the number of design points of he original design (SORD) with which we started. Out of N, let n be the number of non-central design points an m be the number of central points i.e., N = n + m. In general m < n + 1, Let N 1 be the number of design points of the newly constructed design, Where N 1 = 2n + 1 > N. original design with which we started, the follo th
Using Balanced Incomplete Block Design
Here we start with usual SORD using BIBD having "n" non-central design points involving v-factors. The set of n design points can be extended to (2n + 1) poin o ss, we need to include the requisite number of additional central points. Here we 
The results are given in Table 1 
The results are given in Table 2 .
Method III: When r > 3λ
Here, ated response for the factors 3 ≤ when r = 3λ. . ly from the definition of points sets generated from BIBD and the consequent multiplication with factorial combinations as explained in Raghavarao [7] , pp. 298-300)
Using (5) and (12), (13), (14) the design p ameters of the newly constructed design are the following:
(1 ) 
Using (15) 
arian
The varianc nder t correlated structure constructed by the above method is btained by using (7), and (16) 
